sity distribution of the reflections with those reported for Ca3UO6 (Rietveld, 1966) shows that these compounds are isomorphous. We therefore assigned the space group P21 to Ca3TeO6 and Ca3WO6.
Introduction
The experimental discovery of electron diffraction was followed by various attempts to compare the observed distribution of scattered electrons with the predictions of kinematic diffraction theory. Different workers obtained results that were far from consistent, due to a combination of errors arising from lack of control of specimen preparation, surface contamination of the specimen, inaccurate intensity measurement and inadequate theory. The photographic method of recording as generally used is a most efficient collector of information, but has a limited sensitivity range of only about one decade and an intensity accuracy of not much better than ten per cent. The development of n-beam diffraction theories led to calculations being performed which required accurate measurements to test them, measurements that are frequently beyond the capabilities of the photographic method.
If an accurate measurement of intensity is to be made it becomes necessary to separate the contribution to the measured intensity of the elastic and inelastically scattered electrons in order to get a comparison with calculations, and so the requirement of a high accuracy measuring system automatically means that [energy discrimination must also be available.
In order to justify the construction of an elaborate electron detection system it is necessary to compare the sensitivity and accuracy likely to be obtained with those possible by the photographic plate method. An acceptable photographic exposure with 80 kV electrons and llford N50 plates is obtained with a few seconds exposure to an electron intensity of about 10 -11 ampere per square centimetre, or 6 x 10 v electrons per square centimetre per second (Haine, 1961) . To resolve typical fringes of one hundred microns periodicity a picture element of fifty microns square or better is required (about the resolution of a photographic plate), and there are therefore about 1500 electrons per second falling on this picture element. Thus with a few seconds exposure there is a statistical fluctuation in the intensity of each picture element of about 2%, which is combined with an uncertainty of at least 5% due to variations in the sensitive emulsion and in its processing. This statistical fluctuation, or 'electron noise', is found to account for essentially all of the grain seen in such a photograph, and the photographic plate is therefore ideally efficient in electron detection. It does, of course, record many such picture elements simultaneously, and in a typical plate the useful area will be about five centimetres square, thus recording 10 6 picture elements in the one exposure. The only drawback to this device is that the range of exposure over which satisfactory resuits are obtained is limited to about one decade, below which significant blackening does not occur, and above which total opacity is obtained.
An electronic detector would ideally respond uniquely to every incident electron, and would suffer only from the limitation of statistical fluctuation. In practice this has been approached fairly closely, and the only significant error in the detector system to be described is due to loss of counts because of detector deadtime at very high count rates. This has not been found to be an important limitation on accuracy as the count rate is normally well below the allowable upper limit, and in Fig. 1 a graph shows the magnitude of the intensity uncertainty associated with the electron detection system, as a function of observed count rate. It must be noted that the effective sensitivity range of this detector is in excess of 10 6, compared with about 10 for a photographic plate, but of course only one picture element can be examined at any one time. The very high allowable count rate slightly reduces this drawback by reducing the time required to obtain acceptable statistics for each picture element.
The instrument which has been built is based on a commercial electron microscope (JEM6A), and so utilizes its precision electron optical system for the formation of diffraction patterns and microscope images. The energy width of the electron beam in an electron microscope of this type is about 0-3 volt due to the thermal energy spread from the heated filament. Since energy discrimination is a desirable feature, an energy filter must be interposed between the microscope and the electron detector, but because of the beam energy width there is no point in achieving a filter resolution better than about 0.3 electron volt. The energy filter to be described was constructed with this limitation in mind, and in fact a total energy resolution of 0.6 electron volts has been obtained. Because of the rapid rate at which electrons arrive at the detector and the need to make observations on a specimen in as short a time as possible the instrument has been designed with high speed automatic data collection facilities.
Experimental apparatus
In order to meet the requirement of detecting single electrons, a scintillator and photomultiplier combination was chosen, and to enable a large sensitivity range with low system noise to be achieved a fast pulse counting system was used, with discrimination to remove the low lying noise pulses. The electron detection equipment on the JEM6A electron microscope is shown in Fig.2 . Pulses heights produced by 50, 80 and 100 kV electrons are all well above the level of background noise pulses, and the background noise level due to the detection system under typical conditions is less than one pulse per second.
Out of the great variety of energy selecting devices available, the reverse field electrostatic filter was chosen. The principal points in its favour are its inherent stability and high resolution. The electrode geometry is after a design due to Brack (Brack, 1962) , and the mechanical layout of the filter lens and detector is shown in Fig. 3 . This whole device is attached beneath the plate chamber of the microscope. Bias voltage for the filter is derived from the microscope high tension supply and modulated by the system shown in Fig. 4 . There is provision in the filter bias supply for superimposing an alternating component on the variable bias, and this enables the filter to operate in differential mode and thus to measure directly the height of an energy loss spectrum at any given loss energy by measuring the magnitude of the alternating component of the intensity transmitted the by filter.
To enable images or diffraction patterns to be scanned over the energy analyser and detector, electrostatic deflector plates are fitted into the microscope directly above the intermediate lens pole piece. Because of the position of these plates the deflexion angle produced is magnified by the last two lenses and only small deflection voltages are required on the plates, of the order of 10 volts per centimetre deflexion on the viewing screen. The linearity of scan against voltage has been found to be good (better than 1%) and it can be shown that deflexions produced by these plates do not cause the electron beam through the energy filter (see following description) to deviate through an angle sufficient to affect the energy resolution of the filter. Various scan functions are generated for both the x and y deflexion direction, and the scan coordinates can be rotated electronically by a sine-cosine potentiometer device under the control of the operator until they align with some chosen feature of the image under study. This can be seen in Fig.5 , showing a block diagram of the whole system. Three output systems are shown; storage oscilloscope display, three-pen chart recorder display, and digital paper tape output. This last output is intended for later computer analysis. Power supply for the microscope is derived from a motor alternator device, using the mechanical inertia of the system to smooth out large and objectionable drops in the mains supply voltage.
System performance
The requirements of the ideal electron detector are perfect detection efficiency at all count rates, and zero background noise.
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pholo mult~phe L ~ 1 '!it The detection efficiency depends on the efficiency of electron collection into the scintillator and the loss due to pulse overlap at high count rates. The first source of inefficiency has not been measured (and would be quite an involved masurement) but because of the design the efficiency can reasonably be presumed to be close to unity and independent of count rate. Loss due to pulse overlap is essentially described by determining the (non-paralysable) detection system dead time, and this has been found to be 8 nanoseconds. Thus a regular pulse train at a rate of 120 MHz could be detected, but a random train of pulses will suffer losses due to some pulses appearing within 8 nanoseconds of each other, amounting to about 10% at the 12 MHz count rate which is set by the limitation of maximum photomultiplier tube current. Since the dead time is known with about 10% precision a correction can be made and the actual error due to this source would only be about 1% at 12 MHz. Typical count rates have been found to be well below this figure, and the error is correspondingly reduced (see Fig. 1 ).
Detector background noise is due to (thermal) electrons straying from the photomultiplier cathode, and it has been found that the energies of these electrons are so small compared with the beam electrons that a discriminator level can easily be set to remove them entirely. The residual background rate is less than one count per second, and so the useful sensitivity range of the detector is about 106 .
The reverse-field electrostatic filter has an energy resolution that depends upon the angular divergence of the incident beam. In this case the beam divergence through a 100/z limiting aperture was 3 x 10 -4 radian giving a predicted energy resolution of 0.2 electron volt. Adding this to the energy spread of 0.3 volt from the hot filament gives a predicted total resolution of 0-5 volt.
It was found in practice that to achieve a resolution close to this required very precise alignment of the filter elements, and when this was done the resolution was as shown in Fig. 6 . This value of 0.6 volt compares favourably with the predicted value of 0.5 volt.
An important limitation is noise due to electrons liberated from the central high voltage electrode. The lens was made of stainless steel to reduce this problem and was carefully cleaned before assembly. It was found necessary to raise the working voltage slowly to avoid flashovers which would cause the formation of discharge points, and with sufficient care the discharge rate into the detector could be held down to about fifty electrons per second at a lens voltage of 50 kV.
Experimental results
Preliminary experimental results are shown in Figs.7 and 8, showing thickness fringes in silicon wedges and an energy loss spectrum from aluminum. The thickness fringes shown were obtained from a wedge of silicon with a beam energy of one hundred kilovolts, and fringes are shown for an image formed from the central beam (bright field) and an image formed from the 111 reflexion (dark field). Energy discrimination was not made in recording these fringes. The energy loss spec-trum shown is from an aluminum film, examined by transmission at a beam energy of fifty kilovolts. The well known absorption peaks attributed to collective mode oscillations of the free electrons, spaced about 15 volts apart, can clearly be seen.
Introduction
In an earlier publication (Segmtiller & Angilello, 1969) we described the automated evaluation of pole figures by means of a Phillips pole figure goniometer linked to an IBM 1800 process control computer. The pole figures were plotted on a 1627 plotter by marking the intersections of iso-intensity lines with the intensity curve in the stereographic projection. After the attachment of a Tektronix 611 storage display unit to the
